REDUCTION OF LIPOSOM£-IND^B» 

ADVERSE PHYSIOLOGICAL REACTRJNS 



This application is a divisioa of U.S. application Ser. No. 
247,053, filed May 20, 1994, pending which is a 
continuation-on-part of U.S. application Ser. No. 207,651, 
filed Mar. 7, 1994 and now abandoned, which in turn is a 
continuation-in-part of U,S. application Ser. No. 065,928, 
filed May 21, 1993 and now abandoned. 

This invention relates to a method for the reduction of 
liposome induced adverse physiological reactions when 
l^)osome compositions are administered to animals, includ- 
ing mammals sudi as humans. These liposome compositions 
can be used to encapsulate bioactive agents. 

Liposomes are completely closed lipid bilayer mem- 
branes containing an entrapped aqueous volume. The bilayer 
is composed of lipid molecules whidi comprise monolayCTS 
having a hydrophobic region and a hydrophilic regioa The 
Structure of the bilayer is such that the hydrophobic 
(nonpolar) acyl chain region of the lipid monolayers orient 
toward tfie center of tiie bilayer while the hydrophiKc (polar) 
lipid headgroups orient towards the aqueous phase. 

In a liposome-drug delivery system, a bioactive agent 
such as a dmg is entrapped in the liposome and then 
administered to the patient to be treated (Rahman et aL, U,S. 
Pat No. 3,993,754; Sears, U.S. Pat. No. 4,145,410; Papah- 
adjopoulos ct aL, U.S. PaL No. 435,871; Schneider, U.S. 
Pat No. 4224,179; Lenk et aL U.S. Pat No. 4,522,803; and 
Fountain et al, U.S. Pat No. 4,588,578; the contents of tiiese 
disclosures are incoporated herein by reference). Bioactive 
agents can be entrapped within tfie lipid bilayers of lipo- 
somes or in its aqueous compartments. Encapsulation of 
bioactive agents, especially tharapeutic or diagnostic agents, 
in liposome con^sitions is a well established method for 
delivering these agents to particular sites within the body. 

It is believed that liposomes can be internalized by the 
phagocytic cells of the reticuloendothelial system (RES). 
Liposomes have been recognized as usefid for carrying 
contrast media to reticuloendothelial tissues in the liver, 
kidneys, lungs and spleen, LQKtsome encapsulated iodinated 
organic compounds have been injected into the dxculatory 
system of a patient to qpadfy certain organs for diagnostic 
examination (Schneider et aL, "Injectable Opacifying lipo- 
some Composition," International y^plication No., PCT/ 
EP88/00447, International publication no. WO 88/09165, 
published May 10, 1989, the contents of which are incor- 
porated herein by reference). 

It has been recognized that with inareasing particle size, 
2-3 fun of lipid emulsions, a relatively greater proportion of 
particles are phagocytosed in the liver and spleen, as 
opposed to the bone marrow. However, adverse physiologi- 
cal reactions have been observed following the infusion of 
iodinated lipid emulsions. Other studies have shown that a 
sulphur colloid witii a mean size of 0,3 microns can be used 
without m efifects (see Ivancev et eL '^Effect of Intravenously 
Injected Iodinated lipid Emulsions on die liver". Acta 
Radiologica 30 (1989) p. 291-298, tiie contents of whidi are 
incorporated herein by reference). 

Negatively cfaaiged phospholipid derivatives have been 
studied for effectiveness on circulation time of liposomes 
(see Park et eL "Some negatively charged phospholipid 
derivatives prolong the liposome circulation time in vivo" 
Biochimica et Biophysica Acta, 1992, 1108 (2) p.257-60, the 
contents of which are incorporated herein by reference). 

Methods of enhancing die blood circulation time of 
intravenously administered liposomes include adding to the 
liposome an amphipatic lipid derivatized with a poiyalky- 



2 

Tether (Woodie et aL, U.S. Pat No. 5,013,556 ^liposomes 
with Enhanced Circulation Time", issued May 7, 1991, the 
contents of which are incorporated herein by reference). 

5 SUMMARY OF THE BWENTION 

This invention provides a method of administering a 
liposcome composition to an animal which comprises 
administering, to the animal a liposome composition com- 

jQ prising an adverse physiological reaction-reducing effective 
amount of a liposome comprising a bioactive agent and a 
lipid bilayer having a Upid and a surface agent-modified 
molecule whidi comprises a surface-modifying agent and an 
andior. The liposome used in the method of this invention 
typically has a diameta- of from about 200 nm to about 5000 
nm, moare preferably, from about 400 nm to about 5000 nm, 
and most preferably, presently, from about 400 nm to about 
1000 ma L^)osomes having such diameters are preferably 
interdigitation-fusioa liposomes (IFVs), but can ako be 

^ large unilamellar liposomes (LUVs) or multilamellar lipo- 
somes (MLYs), The concentration of the surface agent 
modified molecule in the bilayer is typically at least about 2 
mole %, more prefa-ably at least about 5 mole %, and most 
preferably at least about 10 mole %, Preferably, the adverse 

^ physiological reaction-reducing effective amount of the 
liposome is about 50 mg of the liposome per kg of the 
animal's body weight 

The surface-modifying agent is preferably a dicarboxyiic 
acid, e.g., sucdnic acid, glutaric add, adipic add, bimelic 

3Q acid, suberic add, tartaric add, mucic add, tetrafluorosuc- 
cinic add or hexafluOToglutaric add, a monocaiboxylic add, 
e.g., acetic add, propionic add, butyric add, valeric add, 
glycolic add, lactic add, trifluoroacetic add, pentafluoro- 
propionic add or heptafluorobutyric add, or a sulfolipid, 

35 e.g,, bis-{succinimidooxycarbonyloxy) ethyl sulfone, 
N-succinimidyl-S-acetythioacetate or 2-iminothiolane 
(Tout's reagent). Preferably, the surface-modifying agent is 
glutaric acid. The anchor is preferably a phosphol^id; 
preferably, the phospholipid has saturated dicyl chains. Pres- 
ently prefOTed saturated acyl diains are palmitate chains. 
Preferably, tiie phospholipid anchor is dipahnitoyl phos- 
phaUdyletiianolamine (DPPE). The andior can also be an 
amphiphilic protein. The surface-modifying agent is prefer- 
ably linked to the hydrophobic domain of the anchor. 

45 The surface-modified molecule can comprise a spacer 
group, whidi is typically any organic entity containing one 
or more organic functional groups whidi are capable of 
attaching to the glycerol backbone of a phospholipid anchor 
and to the phosphate group of the phospholipid anchor. 

50 l^pically. the functional group is an hydroxyl, thiol, epoxide 
or amine group; preferably, the spacer group is ethylene 
glycol or polyethylene glycoL 

The liposome used in the method of this invention com- 
prises a bioactive agent, whidi is typically a contrast agent, 

55 antibacterial agent, antiviral agent, antifungal agent, anti- 
parasitic agent, tumoricidal agent, anti-metabolite, 
carbohydrate, polypeptide, peptide, protein, toxin, enzyme, 
hormone, neurotransmitter, glycoprotein, lipoprotein, 
immunoglobulin, immunomoduiator, vasodilator, dye, 

60 radiolabel radio-opaque compound, fluorescent compound, 
receptor binding molecule, anti-inflammatory agent, mydri- 
atic compound, local anesthetic, narcotic, vitamin, nucleic 
acid, polynucleotide, nucleoside, nucleotide, MRL radio or 
water soluble iodinated contrast agent, and rabctures and 

65 pharmaceutically acceptable salts thereof or mixture thereof. 
Preferably, the bioactive agent is a water-soluble iodinated 
contrast agent selected from the group consisting of iohexoL 
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iopamidoL ioxoglate, iotrolan, ioversoL iothalamate, 
iodimide, iodipamide, iopromide, metrizamide, iopcntol, 
iodixanoL diatrizoate, iotroxic add and mixtures and phar- 
maceuticaUy acceptable salts thereof. More preferably, the 
water-soluble iodinated contrast agent is iotralan. Preferably, 
the liposome composition is administered by intravenous or 
intra-arterial administration. 

This invention also provides a method of administering a 
liposome composition to an animal which con^rises admin- 
istering to the animal an anti-inflammatory agent and a 
liposome composition comprising an adverse physiological 
reaction-reducing effective amount of a liposome compris- 
ing a bioactive agent-and a lipid bilayer having a lipid and 
a surface agent-modified molecule, wherein the anti- 
inflammatory agent is administered to the animal priOT to 
administration of the liposcome composition. In one 
embodiment of the invention, the anti-inflammatory agent is 
asteroid; in an alternative embodiment of the invention, the 
anti-inflammatory agent is a nonsteroidal anti-inflammatory 
agent, preferably indomcthadn. Preferably, the agent is 
administered to the animal intravenously or intra-arterially 
at most about 30 minutes prior to administration of the 
liposome composition. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 Dipaimitoyl Phosphatidylethanolamine-Glutaric 
Add (DPPE-GA). 

FIG. 2 Percentage Liposome Dose in Rat Plasma Follow- 
ing Injection of DSPC or DSPC/DPPE-GA Interdigitation- 
Fusion Liposomes (IFVs). Filled squares: DSPC IFVs; filled 
circles: DSPC/DPPE-GA (10 mole %) IFV's. X-axis: time 
(hours); y-axis: percent dose remaining in plasma, 

FIG. 3 Percentage Liposome Dose in Rat Plasma Follow- 
ing Injection of DSPC or DSPC/DPPE-GA MultilameUar 
Uposomes (MLVs). Filled squares: DSPC MLVs; fiUed 
circles: DSPC/DPPE-GA (10 mole %) MLVs, X-axis: time 
(hours); y-axis: percent dose remaining in plasma. 

FIG. 4 Percentage liposome Dose in Rat Plasma Follow- 
ing Injection of DSPC or DSPC/DPPE-GA UmiameUar 
Liposomes produced by Extrusion Tedmique (LUVETs). 
FUled squares: DSPC LUVETs; fiUed cirdes: DSPC/DPPE^ 
GA (10 mole %) LUVET's. X-axis: time (hours); y-axis: 
percent dose remaining in plasma. 

FIG. 5 Volume-Weighted Diameter of lotrolan- 
Containing DSPC and DSPC/DPPE-GA IFV's. FiUed 
squares: DSPC IFVs; fiUed cirdes: DSPC/DPPE-GA IFVs 
(5 mole % DPPE-GA); filled triangles: DSPC/DPPE-GA 
IFVs (10 mole % DPPE-GA). Thick vertical line represents 
Malvern cutoff. X-axis: Volume-weighted diameter 
(microns); y-axis: percentage of distribution. 

FIG. 6 Blood Pressure Changes Induced by DSPC and 
DSPC-GA IFVs. Traces (top to bottom): 10 mole % DPPE- 
GA; 5 mole % DPPE-GA; 2 mole % DPPE-GA; 0 mole % 
DPPE-GA. X-axis: Time (minutes); y-axis: mean arterial 
blood pressure (mm Hg). 

FIG. 7 Normalized AUC's (areas under the curves) as a 
Function of the Average Diameter of DSPC/N-Glutaryl- 
DPPE Liposomes. X-axis: liposome diameter (nm); y-axis: 
normalized AUC. 

FIG. 8 Mean Blood Pressure During Infusion of DPPE- 
FGA Containing IF Liposomes into Rats. DaU presented is 
for animal #1. X-axis: time (rain) post-infusion; y-axis: 
blood pressure (mm Hg). 

FIG. 9 Mean Blood Pressure During Infusion of DPPE- 
FGA IFs. Data presented is for animal #2. 



4 

FIG. 10 Mean Blood Pressure During Infusion of DSPC 
(4.5) IF Liposomes, Data presented is for animal number 3. 

HG. U Mean Blood Pressure During Infusion of DSPC 
(4 J) IF Liposomes. Data presented is for animal number 4. 
5 FIG, 12 Mean Blood Pressure During Infusion of DSPC 
(4,5) IF Liposomes. Data presented is for animal number 5. 

FIG. 13 Effect of DPPE-GA Incorporation Into Various 
Liposome Types, X-axis: time (hr.); y-axis (% dose in 
plasma). Filled squares: DSPC LUVETs; filled circles: 
10 DSPC- DPPE/GA LUVETs; fiUed triangles: DSPC IFs; 
filled diamonds: DSPC-DPPE/GS IFs; open squares: DSPC 
multilamellar liposomes (MLVs); open circles: DSPC- 
DPPE/GAMLVs. 

FIG. 14 Malvern Particle Size Distribution Analysis of 
15 DPPE-GA IFs Containing iotrolan. X-axis: sample storage 
conditions; y-axis: % liposomes in Bin; z-axis: liposome 
diameter (microns). Data presented is for lot #1. 

FIG. 15 Malvan Particle Size Distribution Analysis of 
DPPE-GA IFs Containing iotrolan. X-axis: sample storage 
20 conditions; y-axis: % liposomes in Bin; z-axis: liposome 
diameter (miaons). Data presented is for lot #2. 

FIG, 16 Cr Imaging Study of Rabbit livers Using 
DPPE-GA, iotrolan Containing IF Liposomes. X-axis: time 
post-injection (min,); y-axis: density (AHU). 

^ DETAILED DES(3aPnON OF THE 

INVE^JTION 

This invention provides a method of administering a 
liposome composition to an animal whidi comprises admin- 

30 istering to the animal a l^)osome composition comprising an 
adverse physiological reaction-inducing effective amount of 
a liposcome conq)rising a bioactive agent and a lipid bilayer 
having a lipid and a surface agent-modified molecule. 
Adverse physiological reactions in animals have been asso- 

35 dated with the administration of some liposome composi- 
tions to the animals. Such animals are preferably manmials, 
e.g.^ humans, but can also be any other animal to which 
liposomes can be administered. The term "adverse physi- 
ological reaction'* includes, but is not limited to clinical 

40 symptoms such as lethargy, cyanotic gingival membranes, 
nausea, vomiting, defecation, diarrhea, rise in body 
temperature, fever, chills, shaking, somnolence, lower back 
pain, gastrointestinal disturbances, respiratory distress, 
hematological reactions such as neutropenia, 

45 thrombocytopenia, cardiovascular responses such as tran- 
sient hypotension, vasodilation and transient cardiac 
changes. 

The liposome used in the method of this invention pref- 
erably has a diameter of from about 200 nm to about 5000 

50 nm, more preferably, from about 400 nm to about 1000 nm. 
It is known that larger liposomes tend, when administered to 
an ani'mal to be marc r^idly cleared from the animal's 
circulation than are liposomes of similar conqwsition, but 
. smaller size. It is also known that certain modifications to a 

55 liposome's surface can enhance the time period over which 
the liposome remains in an animal's circulation. However, it 
has not heretofore been known that liposomes of sizes 
(diameters) as those used in the method of this invention are 
cleared from an animal's circulation at a rate comparable to 

60 that of unmodified (non-surface agent-modified molecule- 
containing) liposomes of similar size, and tend to accumu- 
late to the same degree in the liver, but that in comparison 
to unmodified liposomes of similar size, administration of 
the liposomes of this invention can result in a reduction in 

65 adverse physiological reactions experienced by animals, 
liposomes used in the method of this invention are 
preferably interdigitation-fusion liposomes (IFVs), but can 
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also be large unilamellar liposomes (LUVs) and multilamel- 
lar liposomes (MLVs); preferable MLVs are tfiose which 
comprise a solute entrapped in their aqueous compartments, 
wherein the concentration of the solute in each of the 
aqueous compartments of the MLV is substantially equal, 
Le., MLVs having substantially equal inta:lamellar solute 
distribution. The concentration of the surface agent- 
modified molecule in the bilayer is typically at least about 2 
mole more prefarably at least about 5 mole %, and most 
preferably at least about 10 mole %, mole % being calcu- 
lated as the number of moles of surface agent-modified 
molecule in the bilayer divided by the total number of moles 
of compounds present in the bilayer. 

It has been found that incorporating surface agent- 
modified molecules into liposomes in accordance with the 
practice of this invention results in significantly reduced 
adverse physiological reactions associated with the admin- 
istration of some liposome compositions to animals. It has 
also been found that surface agent-modified molecules can 
be incorporated into liposomes widiout significantly affect- 
ing the high encapsulation capacity of larger liposomes, tiie 
shortened in vivo circulation times of larger liposomes, the 
imagiag ef&dency of liposomes containing radiological 
contrast agents and targeted to organs within an animal's 
body, the biodistribution of larger liposomes and their accu- 
mulation in an animal's liver, and without significantly 
interfering with the joocess of preparing intcrdigitation- 
fusion liposomes. 

The liposome composition of this invention is a "surface- 
modified liposome composition," Le., a liposome corr^si- 
tion comprising a liposome containing a Hoactive agent and 
a lipid bilayer comprising a lipid and a surface agent- 
modified molecule. The term "surface agent-modified mol- 
ecule" is used herein to mean a molecule comprising a 
surface-modifying agent and an anchor, A "surface- 
modifying agent," as used herein, is any organic compound 
or entity capable of covalently linking at one end to the 
hydrophilic portion of the anchor. An "andior," as used 
herein, is any molecule with a sufficient hydrophobic char- 
acter to be stably inserted into a lipid bilayer and which also 
contains a hydrophilic portion suitable for modification with 
ttie surface-modifying agent, e,g., a hydrophilic pc«tion 
containing a hydroxy, amine or thiol group. The surface- 
modifying agent is linked to a hydrophilic portion of tiie 
anchor and is also free to interact with the medium external 
to die liposome. 

The surface agent-modified molecule is prepared by dis- 
solving fee anchor in solvent, for example chloroform, 
methylene chloride, acetonitrile, efeyl acetic, methand, and 
the like, adding a base, for example triethylamine, dimethyl 
aminopyddine, pyridine, and the like, followed by adding 
the surface-modifying agent The mixture is then allowed to 
react at room terr^)erature while stirring, ot by heating. The 
length of time for stirring or heating will vary with the 
particular surface-modifying agent used, and is determinable 
by one skilled in the art by means such as thin layer 
chromatography (TLC). Once the reaction is complete, as 
can be determined by TLC or any other method known in the 
art, the solvent is removed by heating on a rotary evaporator 
under vacuum. The product is removed by gel filtration or 
sUica gel chromatography or ion exchange resin, or by any 
means known to one skilled in the art. The product is then 
lyophiHzed. This is one such method f<M* the preparation of 
the surface modified molecule, other methods can be used by 
those skilled in the art given the teacWugs of this invention. 

The surface-modifying agent is preferably a dicarboxylic 
acid, e.g., succinic acid, glutaric acid, adipic acid, bimelic 



acid, suberic acid, tartaric add, mucic add, tetrafluorosuc- 
cinic add or hexafluoroglutaric add, a monocarboxylic add, 
e.g., acetic acid, propionic add, butyric add, valeric add 
glycolic add lactic add trifluoroacetic add, pentafiuoro- 
5 prq>ionic acid or h^tafluorobutyric add;, or a sulfolipid 
e.g., bis-(succiiiimidooxycarbonyioxy) ethyl sulfone, 
N-sucdnimidyl-S-acetylthioacetate or 2-iiiiinothiolane 
(Traut's reagent). Preferably, the surface-modifying agent is 
glutaric acid (see FIG. 1), which is preferably covalcntly 
linked to a hydrophilic portion of the anchor, eg., by way of 
an anude linkage to the primary amine of a phosphatidyle- 
thanolamine group^ e.g., dipalmitoyl phosphatidylethanola- 
mine (DPPE), Accordingly, in a preferred embodiment of 
the invention, the surface-modified molecule comprises glu- 
taric acid linked to DPPE (DPP&<jA). However, this inven- 
tion is not limited to the use of DPPE-GA, but rather, can be 
practiced with any combination of surface-modifying agent 
and anchor. 

The "andiof* can be any molecule with a hydrophobic 

2Q portion of sufEident hydrophobic diaracto to be stably 
inserted into a l^some*s lipid bilayer, and a hydrophilic 
portion suitable for attaching to the surface-modifying 
agent Preferably, the hydrophobic pcxtion of the anchor 
comprises one <x more fatty acid chains and the ancho' is an 

25 amphiphilic lipid Such l^nds indude, but are not limited to: 
phospholipids, glycolipids, sphingolipids including 
sphingomyelin, diacylammonium amphiphiles, diacyl 
glycerols, glycoshpingolipids, cerebrosides, sulfatides, 
ceramides, polyhexosides, gangliosides, sterols and the like. 

3Q Preferably, the anchcM: is a phospholipid i-e., an amphilic 
lipid with one or two acyl diains and a phosphate-containing 
glycerol backbone such as a phosphatidylcholine, 
phosphatidylethanolamine, phosphatidylglyccrol, phos- 
phatidylinodtol or a phosphatidylsmne; presently, the pre- 

35 ferred phospholipid is a phosphatidylethanolamine. 
E*referably, the phospholipid has saturated acyl chains, 
which are preferably palmitate chains. In a preferred 
embodiment of the invention, the phospholq)id anchor is 
dipalmitoyl phosphatidylethanolamine (DPPE). The anchor 
can also be an amphiphilic protein or pq)tide. Tlie surface- 
modifying agent is {nreferably linked to the hydrophilic 
domain of the anchor. 

The surface-modified molecule can comprise a spacer 
group, which is typically any organic entity or moiety 

45 containing one or more organic functional groups which are 
capable of covalentiy attaching to the hydrophilic portion of 
the anchor, e.g., the glycerol backbone of a phospholipid 
anchor and to the phosphate group of the phospholipid 
anchor. Typically, the functional group is an hydroxyl, thiol, 

50 epoxide or amine group. Preferably, the functional group is 
a hydroxy! group, and tiie spacer group is ethylene glycol or 
polyethylene glycol, which can be of varying molecular 
weight. 

Synthesis of spacer group-containing surface agent- 
55 modified molecules is accomplished by reacting the spacer 
group with a protecting agent, for example, methoxy- 
triphenylmethyl, acetyl or triphenylmethyl chloride (trityl 
chloride), etc, by means known to Ihose with skill in the art 
The phospholipid anchor is then activated by use of an 
60 activating agent, for example, p-nitrobenzene sulfonate, 
p-toluene sulfonate, benzene sulfonate, methane sulfonate, 
trifiuoromethane sulfonate, and the like. The protected 
spacer group and the activated phospholipid andior are then 
_ reacted by means known to those skilled in the art 
65 For example, the spacer group is introduced by using 
poly(oxycthylene), also called (poly)ethylene glycol. One of 
the two hydroxyl groups in (poly)ethylene glycol is pro- 
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tected by reacting ethylene glycol with 1 eq triphenylmethyl 
chloride (trityl chloride) in an organic solvent, preferably in 
the presence of a base such as triethylarainc, to furnish 
monotritylated ethylene glycol. 12-Dipalmitoyl glycerol is 
then activated by a good leaving group, preferably using 
p-nitrobenzene sulfonyl chloride to give l^-dipalniitoyl-3- 
p-nitrobenzene sulfonate. This is then reacted with the 
monotritylated ethylene glycol followed by removal of the 
trityl group under mild acidic conditions. This results in the 
formation of l^-dipalmitoyl-3-(oxyethylene)glyceroL Two 
step procedure on this compound using 2-chloro-2-oxo- 
dioxphospholane and trimethylamine, respectively, intro- 
duces a choline moiety to generate the product 

The liposome used in the method of this invention com- 
|Mises a bioactive agent, Lc, a compound or con^osition of 
matter having some biological activity in animals, including 
humans. The term bioactive agent indudes traditional phar- 
maceuticals and related biologically active com{>ositions of 
matter. Bioactive agents include, but are not limited to: 
antibacterial agents, antiviral agents, antifungal agents, anti- 
parasitic agents, tumoricidal agents, anti-metabolites, 
carbohydrates, polypeptides, peptides, proteins, toxins, 
enzymes, hormones, neurotransmitters, glycoproteins, 
lipoproteins, immunoglobulins, immunomodulators, 
vasodilators, dyes, radiolabels, radio-cpaque compounds, 
fluorescent compounds, polysaccharides, cell receptor bind- 
ing molecules, anti-inflammatory agents, mydriatic 
compounds, local anesthetics, narcotics, anti-glaucomic 
agents, vitamins, nucleic acids, polynucleotides, 
nucleosides, nucleotides, MRI and radio contrast agents, 
water soluble iodinated contrast agents, including iohexol 
iopamidol, ioxoglate, iotrolan, ioversol, iothalamate, 
iodimide, iodipamide, iopromide, metrizamide, iopentoU 
iodixanol, diatrizoate, iotroxic add, and mixtures, and phar- 
maceuticaliy acceptable, salts thereof. Preferably, the bio- 
active agent is a water-soluble iodinated contrast agent 
selected from the group consisting of iohexol, iopamidol, 
ioxoglate, iotrolan, ioversol, iothalamate, iodimide, 
iodipamide, iopromide, metrizamide, iopentoL iodixanol, 
diatrizoate and iotroxic acid. More preferably, the water- 
soluble iodinated contrast agent is iotralan. Preferably, the 
liposome composition is administered by intravenous or 
intra-arterial administration. 

The l^id bilayer of the liposome used in the method of 
this invention comprises, in addition to the surface agent- 
modified molecule, a "lipid,** which indudes, but is not 
limited to: synthetic or natural phospholipids, glycolipids, 
glycerophospholipids, dioline glycerophospholipids, etha- 
nolamine glycerophospholipids, serine glycero 
phospholipids, inositol gylcerophospholipids, 
phosphatidylgylcerols, glycoglycerolipids, glycoglyccro- 
lipid sulfates, sphingoli^ids, sphingomyelin, diacyl ammo- 
nium amphiphiles, diacyl glycerols, glycosphingolipids, 
cerebrosides, sulfatides, ceranudes, polyhexosides, 
ganglio sides. phosphatidylcholine, 
phosphatidylethanolamine, phosphatidyls erine, 
phosphatidylglycerol, phosphatidic acid, 
I^osphatidylinositoL cardiolipin, and the like, alone, or in 
combination. The phospholipids can be synthetic, or derived 
from natural sources such as egg or soy. Useful synthetic 
phospholipids are dymyristoyl phosphatidylchoUne and 
dirayristoyl phosphatidylglycerol. Distearyl 
phosphatidylcholine, dipalmitoyl phosphatidylcholine, 
dimydstoyl phosphatidylcholine, and diarachidonoyl phos- 
phatidylcholine can be used. The liposomes can also contain 
steroid components such as coprostanol, cholestanol, or 
cholestane. polyethylene glycol derivatives of cholesterol 



(PEG-cholesterols). They may also coatain orgaaic acid 
derivatives of sterols such as cholesterol hemisucdnate, and 
the like. Organic acid derivatives of tocopherols may also be 
used as liposome-formiiig ingredients, such as alpha- 

5 tocopherol henusuccinate. Liposomes containing both 
organic acid derivatives of sterols, such as cholestrol 
hemisuccinatc (CHS), and organic acid derivatives of 
tocopherols, such as tocopherol hemisuccinatc (THS), as 
well as their tris salt forms, may generally be prepared by 
any method known in the art for prq>aring liposomes 
containing these sterols. In particular, see the procedures of 
JanoflF, et aL, U.S. PaL No. 4,721,612 issued Jan. 26, 1988, 
entitled **Steroidal Liposomes," and Janoff, et bL U.S. Pat 
No, 4,861380, issued Aug. 29, 1989, and U.S. Pat. No. 
5,041^78, issued Aug, 20, 1991, PCT Publication No. No 

15 87/02219, published Apr. 23, 1987, entitled "Alpha 
* Tocopherol-Bascd Vehicles" and Mayhew et al., PCT Fuh- 
lication No. WO85/00968, published Mar. 14, 1985. The 
contents of these disclosures are incorporated herein by 
reference. A method for preparing sterol-containing lipo- 

20 somes involves adding to an aqueous buffer a salt form of an 
organic add derivative of a sterol capable of forming dosed 
bilayers in an amount suffident to form completely dosed 
bilayers which entrap an aqueous compartment A suspen- 
sion of multilamellar vesicles is formed by shaking the 

25 mixture. The formation of vesicles is facilitated if the 
aqueous buffer also contains the counterion of the salt in 
solution. 

There are a variety of methods presently available for 
preparing liposomes and any may be useful in the practice 

3Q of this invention. They indude Bangham's method (see J, 
Mol. BioL 13:238-252 (1965), the contents of which are 
incorporated herein by reference), of malcing multilamellar 
vcsides (MLVS). This method involves first forming a 
solution of lipids in an organic solvent and then evaporating 

35 the solvent leaving dried lipid on the interior surface of the 
reaction vessel, to whidi an aqueous solution is added. 
Hydration of the lipid film results in the formation of MLVs. 

Multilamellar vesicles may have substantially equal inter- 
lamellar solute distribution. The preparation of such MLVs 

40 is described in Leak et al., U.S. Pat Nos. 4,522,803 and 
5,030,453, and Fountain et aL, U.S, Pat No. 4,588,708, the 
contents of these being incorporated by reference herein, 
Lenk et al. describe a process which involves mixing an 
aqueous solution of the substance to be entrapped with an 

45 organic solution of the lipid(s) being used to form the 
vesides. The aqueous phase is then emulsified while the 
organic solvent is evaporated. Fountain's process involves 
first forming a solution of at least one amphipathic lipid and 
an aqueous component in an amount sufScient to form a 

50 monophase. The organic solvent is then evaporated, and a 
second aqueous component is added, with agitation, to form 
the liposomes. 

This class of multilamellar liposomes can be denominated 
as stable plurilamellar liposomes (SPLV), as described in 

55 U.S. Pat No. 4,522.803 to Lenk, et aL, monophasic lipo- 
somes as described in U.S. Pat. No. 5,030,453 to Lenk et aL 
issued JuL 9, 1991, and includes SPLV's in U.S, Pat No. 
4,558,579 to Fountain et al., and frozen-and-thawed multi- 
lamellar liposomes (FATMLVs), wherein the liposomes are 

60 exposed to at least one freeze and thaw <^de; this procedure 
is described in CuUis et al„ U.S. Pat No. 4,975,282, issued 
Dec. 4. 1990 and PCT PubUcation No. 87/00043, published 
Jan. 15, 1987, entitled '^Multilamellar Liposomes Having 
Improved Trapping EfiSciencies." The contents of these 

65 disclosures are incorporated herein by reference. 

Preparation of small sonicated unilamellar vesicles has 
been described by Papahadjopoulos et aL {Biochinu Bio- 
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phys, Acta^ 1968, 135:624-638), incorpOTated herein by 
reference. Large unilamellar vesides may be produced using 
an extrusion apparatus by a method described in CuUis et aL, 
U.S. Pat. No. 5,008,050, issued Apr. 16, 1991 and PCT 
Publication No. WO 86/00238, pubUshed Jan. 16, 1986, 
entitled "Extrusion Technique for Producing Unilamellar 
Vesicles," incorporated herein by reference. Vesides made 
by this technique, called LUVKTS, are extruded under 
pressure throu^ a membrane filter. Vesicles may also be 
made by an extrusion tedmique through a 200 rnn filter, such 
vesides are known as VET^qoS. These vesicles may be 
exposed to at least one freeze and thaw cycle prior to the 
extrusion technique; this procedure is described in Mayer, et 
al., {Biochitru Biophys. Acta,, 1985, 817:193-196), entiUed 
**Solute Distributions andTraj^ing EfiBdendes Observed in 
Freeze-Thawed Multilamellar Vesides". The application of 
energy to the suspension, e.g. sonication, or extrusion of the 
vesides through a French press cell or througji a porous filter 
of the appropriate pore size, will, convert the multilamellar 
sterol vesicles to unilamellar vesides. 

Unilamellar liposomes may be f<ained by a freeze-and- 
thaw technique followed by an extrusion through one oa: 
more polycarbonate filters. Liposomes of a predetermined 
size may also be formed by passing the a suspension of 
liposomes under pressure one or more times through an 
aluminum oxide porous film, Coe et aL 'T^some Extru- 
sion Process" U.S. patent application Ser. No. 771^67, a 
continuation-in-part of U.S. patent application Ser. No. 
593;200 filed Oct 5, 1990, Alternatively, LUVs can be 
formed by infusion, reverse-phase evaporation or detergent 
dilution techniques (Deamer and Ustei, 'liposome Prepa- 
ration: Methods and Materials," in: Liposomes, Marcd 
Dekker, Inc., N.Y. (1983), pp. 27-51 and Papahadjopoulos 
et al., U.S. Pat No. 435,871, the contents of which are 
incorporated herein by reference. 

Interdigitation-fusion liposomes (IFV's) and gels arc use- 
ful in the practice of this invention and may be made 
according to the p-ocedure disdosed by Boni et aL, U.S. 
appUcation Ser No. 07/961^7, filed Oct 14, 1992, the 
contents of whidi are incorporated herein by refa-ence. 
IFV's are formed by mixing a solute in the aqueous solvent 
with sized liposomes and adding an inducer to the aqueous 
solvent which causes the sized liposomes to fiise. The IF gd 
is than incubated above the phase transition temperature; of 
the lipid thereby producing IFV*s. 

The liposome used in the method of this invention can be 
dehydrated. Liposomal dehydration can enable the vesides 
to be stored for extended periods of time; dehydrated 
liposomes can then be reconstituted on an as-needed basis, 
liposomes can be ddiydrated, with freezing, using standard 
freeze-drying equqjment, or its equivalents. Lyophilization 
is preferably carried out after incorporating one <x more 
protective sugars into liposome preparations in accordance 
with the procedures described in Schneider et al. (U.S. Pat 
No. 4,229360) and JanoflFet al., (U.S. Pat No. 4,880,635), 
the contents of which are incorporated herein by reference). 
The protective sugar can be omitted if the ddiydration is 
conducted without freezing and sufficient water is left 
remaining in the liposomal preparation to maintain the 
integrity of a substantial portion of the liposomal bilayers 
through the dehydration-rehydration process. 

Hydrophiiic bioactive agents can be entrapped in lipo- 
somes by dissolving the bioactive agent in the aqueous 
medium to which lipids are added. A portion of the bioactive 
agent will be encapsulated in the resulting liposomes as they 
are formed. Alternatively, the liposomes may first be 
prepared, and then loaded with ionizable bioactive agents by 
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establishing a potential difference across the liposomal 
bilayer according to the methods of Bally et al., **Encapsu- 
lation of Antineoplastic Agents in Liposomes", U.S. Pat No. 
5,077,056, PCT application No. 85/01501, publication num- 
5 bcr WO 86/01102 published Feb. 27, 1986 and Mayer et al. 
"High I>rug:Lipid Formulations of Liposomal Encapsulated 
Antineoplastic Agent" PCT application number 88/00646, 
PCT publication number WO88/06442, published Sep, 7, 
1988 and Madden et aL, "Accunuilation of Drugs into 
Liposomes by a Proton Gradient" PCT publication WO 
90/14105 published Nov. 29, 1990, PCT appUcation WO 
90/02736, filed May 15, 1990; the contents of these disclo- 
sures are incorporated herein by reference. These techniques 
allow the loading of liposomes with ionizable bioactive 
agents to achieve interior concentrations considerably 
15 greater than otherwise expected from the drugs* solubility in 
aqueous solution at neutral pH and/or concentrations greater 
than can be obtained by passive entrapment techniques. 

The method of this invention may be practiced with any 
of the above-described prq)aratory and loading techniques, 
20 or any other methods for making liposomes and loading 
them with drugs which are now known or later develq)ed 
The incorporation of surface agent-modified molecules of 
the present invention into liposome compositions does not 
significantly alter the in vivo circulation time of certain 
25 liposomes. As shown in FIGS. 2 and 3, the average percent- 
age of lipid dose remaining in rat plasma as a function of 
time after injection for both DSPC-IFV and DSPC-MLV's 
containing 10 mole percent of the surface agent-modified 
molecule DPPE-GA remained the same as far DSPC IFV's 
3Q and DSPC MLV's without the surface agent modified mol- 
ecule. However, as noted in FIG. 4, DSPC liposomes sized 
through a 0.2 micron-filter containing 10 mole percent of the 
surface agent modified molecule DPPE-GA exhibited a 
prolonged circulation time as opposed to those vesicles not 
35 containing the surface agent modified molecule. 

Incorporation of surface agent-modified molecules does 
not intCTfcre with the effectiveness of the process of prepar- 
ing high captured volume liposomes, for example 
interdigitation-fusion liposomes. The radio contrast agent 
40 iotrolan was encapsulated in DSPC IFV's containing the 
surface agent-modified molecule DPPE<jA. The DSPC- 
IFV's, which contained 10 and 5 mole percent surface agent 
modified molecule DPPE-GA ware prq)ared from DSPC/ 
DPPE-GA SUV's in the presence of the radio contrast agent 
45 iotrolan. The presence of the surface agent-modified mol- 
ecule did not intofere with the efficient encapsulation of 
iotrolan. As shown in Table 1, tiie iodine-to-lipid ratios 
obtained with DSPC/DPPE-GA IFV's were as high as tiie 
DSPC IFV's values lacking the surface agent-modified 
50 molecule. Incorpwation of DPP&<jA did reduce the aver- 
age volume-weighted diameter of the iotrolan DSPC IFV's, 
as shown in FIG. 5. 

These iotrolan containing DSPC/DPPE-GA IFVs were 
effective in delivering the contrast agents to tfie liver and 
55 spleen of rats. Table 2 shows the Hounsfield Units (HU) 
enhancement values for fats dosed with iotrolan containing 
DSPC/DPPE-GA IFV's at 5 and 10 mole percent of the 
surface agent modified molecule DPPE-GA. This data indi- 
cates that iotrolan DSPC IFV's modified to reduce adverse 
60 physiological reactions, such as transient hypotension, by 
the addition of a surface agent-modified molecule were 
effective in delivering contrast agents to target organs. 
Moreover, the incorporation of surface agent-modified mol- 
ecules did not effect the imaging efficacy of the encapsulated 
65 radio contrast agent, as shown in Table 2. 

The mode of administration of the liposome compositions 
of the present invention may determine the sites and cells in 
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the organism to which the compound may be deUvcred, The 
liposome compositions of the present invention may be 
administered alone, or in admixture with a pharmaceutically 
acceptable carrier selected with regard to the intended route 
of administration and standard pharmaceuticai practice. For 
parenteral administration or injection via intravenous, 
intraperitoneal, intramuscular, subcutaneous, or intra- 
maramary route, sterile solutions of the liposome composi- 
tion are prepared. For intravenous use, the total concentra- 
tion of solutes may be controlled to render the preparation 
isotonic. Other uses, depending upon the particular proper- 
ties of the preparation, may be envisioned by those in the art 
Suitable pharmaceutically acceptable carriers include, but 
are not limited to: water, salt solutions, alcohols, gum arable 
benzyl alcohols, gelatin, carbohydrates, such as lactose, 
amylosc or starch, magnesium stearate, talc, silic add, 
hydroxy methylceliulose, polyvinyl pyrrolidone, and the 
like. The pharmaceutical con^wsitions can be sterilized and 
if desired mixed with auxiliary agents, for example 
lubricants, preservatives, stabilizers, wetting agents, salts for 
influencing osmotic pressure, buffa-s, coloring, flavOTing 
and/or aromatic substances and the like whidi do not 
deleteriously react with tfie bioactive agents ot ingredients 
of this invention. 

Administration of the liposome con^jositions of this 
invention may be by any metiiod readily available in the art 
including, but not limited to, parenterally, such as 
subcutaneously, intramuscularly, intraorbitally, 
intrac^sularly, intraspinally, intrastemally, intravenously, 
intra-arterially, intrathecally and the like, orally, and topi- 
cally. 

The compositions of this invention are dispensed in unit 
dosage form comprising a therapeutically efifertive amount 
of bioactive agent in a pharmaceutically acceptable carrier 
per unit dosage. They are also incorporated in formulations 
comprising a tiierapeutically effective amount of bioactive 
agent. Then^utically effective shall mean sufBcient bioac- 
tive agent to achieve the desired biological result 

It will be appreciated that the actual preferred amounts of 
bioactive agents in a specific case will vary according to the 
specific compositions being utilized, the particular coii^)0- 
sitions formulated, the mode of application, and the particu- 
lar situs and organism being treated. Dosages for a ^ven 
host can be determined using conventional considerations, 
for example, by customary comparison of the differential 
activities of the subject compositions and of a known agent, 
for example by means of an ^propriate, conventional 
pharmacological protocol For administration to animals, 
including humans, the prescribing physician will ultimately 
determine the appropriate dosage of die bioactive agent f ot 
a given human subject, and this can be expected to vary 
according to die age, weight and response of tiie individual 
as well as the pharmacokinetics of the agent used. Also the 
nature and severity of the patient's disease state or pharma- 
cological condition will influence the dosage regimen. The 
amount, or dosage, of the surface agent-modified molecule- 
containing liposome used will be an "adverse physiological 
reaction-reducing effective amount", i.e., an amount effec- 
tive to reduce an adverse physiological reaction experienced 
by an animal to which the liposome is administered. It can 
also depend upon the concentration of the surface agent- 
modified molecule in the lipid bilayer of the liposome. 
Typically, the adverse physiological reaction-reducing effec- 
tive amount of the liposome as used in the mediod of this 
invention is about 50 mg of the liposome per kg of the 
animal's body weight but can be higher, or lower, as 
necessary. 
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• This invention also provides a method of adraini^^ng a 
lliposomc composition to an animal which compris^^Bin- 
istering to the animal an anti-ioflanmiatory ageSBcd a 
liposome composition comprising an adverse physiological 
5 reaction-inducing cflfective amount of a liposome compris- 
ing a bioactive agent and a lipid bilaya having a lipid and 
a surface agent-modified molecule, wherein the anti- 
inflammatoiy agent is administered to the animal prior to 
administration of the liposome composition. The anti- 
inflammatory agent can be administered by any method 
known in the art including by subcutaneous, intravenous 
dally or continuous intravenous infusion administration, but 
is preferably administered by intravenous administration. It 
j5 may be administered with a pharraaceutically acceptable 
carrier or dUuent. In one embodiment of the invention, the 
anti-inflammatory agent is [asteroid] 

a steroid 



I; in an alternative 
embodiment of the invention, the anti-inflammatory agent is 
a nonsteroidal anti-inflammatory agent Preferably, the non- 
20 steroidal anti-inflammatory agent is indoemthacin. 
Preferably^ the agent is administo'ed to the animal intrave- 
nously or intra-artcrially at most about 30 minutes prior to 
administration of the liposome con^sition. 

This invention will be better understood from the foUow- 

25 

ing exanaples. However, those of ordinary skill in the art will 
readily understand that these Examples are merely illustra- 
tive of the invention as defined in the claims which follow 
thereafter, 

30 

EXAMPLES 
EXAMPLE 1 

35 PREPARAnON OF THE SURFACE MODIFYING 
AGENT DPP&GLUTARIC ACID 

A suspension of dipalmitoyl phosphoethanolamine 
(DPPE) (Avantl Alabaster, Ala.) 692 mg (1 rmnol) in 

40 anhydrous chloroform (125 ml) was heated at SO^'-SS® Q 
until it became a clear solution (15-20 min). After cooling 
this solution to room temperature, triethylamine (Fluka 
Chemicals, Ronkonkama, N.Y.) 190 fd (1.4 mmol) and 
glutaric anhydride (Fluka Chemicals, Ronkonkama, N.Y.) 

45 131 mg (1,2 mmol) were added and the resulting solution 
and stirred at room temperature for 3 hours. Thin layer 
chromatography (TLQ of tiiis reaction mixture was checked 
on silica plates to assess the progress of the reaction. After 
3 hours, TLC revealed that all the DPPE had reacted. 

50 

At this point the chloroform was removed from the 
reaction mixture by heating on a rotary evaporator under 
vacuum. The residue was chromatographed on silica gel 
(activated by heating at 110° C at least for 6 hours). The 
elution system was chloroform:methanol.*water (65:25:4), 
The presence of phospholipid in column fractions was seen 
by exposing TLC plates first to iodine vapors, and then 
spraying with molybdic add spray which gives blue color 
with phospholipids. Each fraction from the column was 
^ analyzed by TLC for the presence of phospholipid. The 
fractions containing the product were pooled and solvent 
removed under vacuum. The product was then freeze-dried 
and finally heated in vacuum oven at 60° C. for 6 hours to 
get a wliite crystalline material. Yield was 660 mg (82%). 

65 Product DPPE-glutaric acid gave a single spot on TLC in 
solvent system chlorofonn:methanol: water (65:25:4) and 
was characterized by NMR and IR. 
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EXAMPLE 2 



PRFPARAnON OF DSPODPP&GA IFV'S CONTAIN- 
AND 10 MOLE PERCEOT DPPE.GA 
Lie ;tSlus of DSPC (20 n^nd) and D^E. 
GA?5 S were prepared by dissaving J. pow<^^ 

^^ntTstSuSL added for each sample arc shown 



in the following Table, 



Label 


DSPC 

mM 


DPPErGA 
ViM 


Stock DSPC 
ml 


StockDPPE^A 
ml 


BPl (0% GA) 
BPG2 (10% GA) 
BPG3 {5% GA) 
BPG4 {2% GA) 


300 
162 
171 
176.4 


0 
18 
9 

3.6 


1U5 
6399 
6,755 
6:968 


0 

2.898 

1.45 

0.58 



^^ofTSriS a total Vd concentration of 30 

fo™ SUV^s using a Branson probe sonicator model 450 
tonn auv !> linoiome samples woe 

The oH of eadi sample was adjusted with 0.1 N X^aun 
S pH pa^ to brin^Te pH into the 6.5 Jo 7^^^^ 

lie tei^erature of the samples was avowed to 
ro^ tei^ture. Sufficient ethanol was add«l to «ch 
™letotaine the ethanol concentration up to 3.0 M, w., 
^T^&TmL for the 10 ml and 6 ml sample 
iSeSvdy TTie samples were scaled with a cap and then 
SSlo S^?2t the ethanol was ^J^^flZto 
nrghoutthesampl.The^am^w«em^^^^^ 

nrinutes at '.««''VSJ^^«^tr^f«=^^<'''^0° 
temperature mcubation the san^i" "^^o 
r^er bath where they were mcubatedfor lOnunutcswiui 
f ottowed by a 40 minute 70<> C inoibation with 

^^S'sSletegiveaSminuteN.-sp.ge-by..^^^ 

inc i^ b throueh the sample while samples 
a g-'^tle stteam of N, tte^^^ ^ 

^""'l^fEPi?^ DPPbSo andBPG4 (2 % DPP&GA) 
r^Sfiii^oT^orex glass cenmftige h.tx. 
:^les were washed three tin«=s *)y -ntn^ugajon^9^^ 

SeSe S two sampkTwere washed three times by 
^Ir^SSfugatioa at 25K RPM for 15 mmutes using a 
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Beckman L5-50E SW27 rotor (Bedanan, Palo Alto, Calif.). 
The samples were resuspead in Q.9% saline for injection (10 
ml for BPl and 6,0 ml for all the rest). The pH was checked 
again to ensure that it was in the 6.5 to 7.0 pH range. A 
5 phosphate determination was made to determine the lipid 
concentration. Once the phosphate coacentration for each 
sample was known the samples were ready for injection into 
animals. 

EXAMPLES 

^0 DSPC IFV INDUCED BLOOD PRESSURE RESPONSE 
IN RATS: EFFECT OF DPPE^GA INCORPORAnON 

Intravenous injection of DSPC IFV*s at 50 mg/Kg 
induces a rapid blood pressure deaease in rats. Incorpora- 
tion of the phospholipid dicarboxylic acid derivative DPPE- 
15 GA(3) into DSPC IFV*s was found to significantly reduce 
this blood pressure decrease. la this example, we desoibe 
our experimental procedures and results for these rat blood 
pressure measurements. 
Three days prior to the blood pressure experiment canulae 
20 were inserted into the aorta andjugular vein of spontaneous 
hypertensive rats. The rats were in the 350 to 400 gram 
range. The canulae were exteriorized at the back of the neck 
through a m^ tether for protec^on. Heparinized saline was 
flushed tiirough the canulae daily to prevent blockage. 
25 Prior to the liposome injection the aortic canula was 
connected to a Winston Electronic pressure transducer 
(Winston Electronics, Millbrae, Calif.) to monitor mean 
aortic pressure (MAP). The jugular vein canula was con- 
nected to a 3 ml syringe which contained the IFV sample 
30 mounted in a Harvard Apparatus infusion pump (Harvard, 
South Natic, Mass.). The MAP of the rat was monitored a 
few minutes prior to the injection of the liposomes. 

The infusion of the IFV's in to the jugular vein was started 
at time zero by turning on the infusion pump. The total lipid 
35 dose and dose rate for each animal was 50 mg/Kg and 4 
mgTKg/min, respectively. The lipid concentration of the 
samples was typically in the 10 to 15 mg/ml range. A typical 
injection was about 1 to 2 ml of IFV sample over a 12 minute 
period. The MAP was recorded every 30 seconds by die 
40 pressure transducer. 

As noted in Table 3, saline infusion (IJ ml over 12 
minutes) did not induce a drop in the MAP. In contrast, 
infiision of DSPC IFV's resulted a large decrease in the 
MAP which persisted over 50 to 60 minutes, FIG. 6. Tlie 
45 average maxinmm MAP decrease for DSPC IFV's was 56 
-h^-5.0%, Table 3. The DSPC IFV-induced MAP drop was 
significantly reduced when DPPE-GA was included in 11^ 
formulation. Increasing the DPPE-GA content of tiie IFV's 
significandy increased the eflFect. This is shown in FIG. 6. 
50 The results are shown in Table 3. 

FIG. 6 shows typical rat blood pressure responses to 
intravenous injections of DSPC IFV formulations which 
contained 10, 5, 2 and 0 mole percent DPP&<}A, as pre- 
pared in Example 2. Table 3 shows the mean arterial blood 
pressure decrease for the. 10% DPPE-GA IFV's was 83 
-ty-2.1%. The data in Table 2 clearly shows that a phospho- 
lipid dicarboxylic acid derivative reduced the blood pressure 
decrease induced by the DSPC IFV's. 

EXAMPLE 4 

ADMINISTRAnON OF IND0METHAC3N TO REDUCE 
BLOOD PRESSURE DROP WITH INTRAVENOUS 
ESrjECnON OF DSPC IFV'S 

Intravenous injection of DSPC IFV' s /0% GA (50 mg/kg), 
prepared according to Example 2, into Wistar spontaneous 
hypertensive rats produces a rapid transient blood pressure 
drop. 



The blood pressure Hmr, • 
injection o-picaUy startS ^at aST' ' •'^^^^ 
xnjecu-on. A 30 to 40% dr^ 5?^ ^ ^ after 

pressure 

pressure typicaUy started to "^^^^ "^^ Wood 

the DSPC injecfon^f Lfo^n " ^0 to 25 minutes after 
complete after 30 to 40 ndaS "^"^^^'^ 

agent 

I»^or to the injSroT DSPC jS'-'^^^°'30nunutes 
SS^r^-^-rrl^L^^^^ 

-i....xs:st^?sri:i^^ 

EXAMPLES 

^^^~T^^«?!;-<^-^ARVL-DPPB 
SOME DIAMEIER ^^^^N OF AVERAGE LlPa 

filters With the foUowL poJe Polycarbonate 
?00, and 800 mn. Se 1^*?^'*=^'' ^' 200. 400, 

aterdigitation-fusion techniourTr"*' ^''^'^'"^ ''J' 
the LUVETs .and IFVs w^e 1? ^''^^^e diameters of 

Ijghtscatteringandfr^z.Tfo^^S"' ^"-"^astic 
%«son«:sw<^e«dioIabelSS3S3^^f'^*=^°«^Py'nie 
«her. which is non-excfaan^o^M ":f**'^*^ol hexadecyl 
Ponents. Spiaeue 1^.^,:^ J'^'' plasma com- 

by an intravenous bJS^^flt^^.'^^^P^ 
eleven rats were used for each lin^^ ^ «<> 
?amp es were withdraw^ af^s^T^ ^P^«P- Blood 
injection by retro^rbital bkeSn; -i^*. m' T ^ P°«- 
table top centrifuge to i^^^jJ^*^ in a 
r<^nt of radiolafel inT 01^ ''^^ 
scmtillation counting. Se 1-^^/^ detennincd by 
plasma was calciUatSi usin<r^f . T '^"aining in the 
100 grams body v^g,? ""^ ' ^^""^ °f 3.08 mlpl^mape? 

«^e (AUC) for cad, ^ "n*=r the 

trapezoidal integrab?riif^^r "^^^ '=^°^af«' by 
fte AUC for <S UTO?^.'^"'^™*'"^«'yP'<>«ing 
w^^ted diameter forTr^----*-„rf^^^ 

L^:?S:d'^:~n^?^^-^«^-VSand 

s^-?:?^--ssPii^^ 

LUVETs, and were nSfr . of the IF^ ^ 

POie size LUvSfe S'^.'' '° ^^t^^C of the 200 
IFVs and LUVETs ?t^^ J "onnaJized AUC's of DSPC 

i93 rnn. as determined hv • . ^^^s was 197 
above the Tm ofSc h2 '^^'"^^ ^«ttering 
plasma may be \SZ^2^Z^'T^ P^<=»e I 
aggregation). ^nincantly larger due to DSPC LUVET 

EXAMPLE 6 

A suspension of DPPP (\ ^ i^ . 
ml) was heated to 80 des C ") ^"^^^ acetate (100 
(4 mmol). and ^P^-E- Tnethy- 

nimol), were added to T^"'^*^ anhydride (3 

80-85 deg. c. for 6 h^u^s 0"^^' J?^^^^^ '^"""g 
---.eri..u.i.,Seph/deS„^S™ 
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nol (1:1). followed by silica gel column chromatography in 
chioroform:methanol:water (65:25:4), provided 
N-fluoroglutaryl-DPPE in 54% yield as a white crystalline 
materiaL This product was charactaized by IR and NMR. 
5 N-Fluorosucdnyl-DPPE 

The same reaction conditions were utilized, excqpt for the 
substitution of tetrafiuorosucdnic anhydride for hexafluo- 
roglutaric anhydride. The resulting compound was obtained 
in 44% yield, gave a single spot on thin layer chromatog- 
10 raphy and was characterized by IR and NMR. 
N-Huorobutyryl-DPPE 

This compound was prepared by reacting DPPE with 
heptafluorobutyric anhydride, under the conditions 
described above. The resulting compound speared as a 
15 single spot on TLC, was characterized by NMR and was 
obtained in 60% yield. 
Blood Pressure Screening 

Male Sprague-Dawley rats (Charles River) were anesthe- 
tized IP with sodium pentobarbital and abdominal aorta, plus 
20 external jugular, canulae were inserted surgically. The arte- 
rial canula was kept patent with two units of heparin, flushed 
once. Blood pressure was monitored by connecting a Win- 
ston Electronics model VT-15 blood pressure monitwing 
system to the arterial cannula. Baseline blood pressure was 
25 taken for several minutes before infusion of DPPE-FGA IF 
liposomes (interdigitation-fusion liposomes containing 
dipahnitoylphosphatidylethanolaminc/flouroglutaric adds); 
baseline blood pressure was determined as an average of 
four samples. The animals were given 50 mg/kg lipid at a 
30 rate of 4 mg/kg/min using a Harvard Pun^ 22 infusion 
pump, into the jugular vein. After infusion, tiie animals were 
monitored for about 15 minutes to observe the recovery 
phase. Blood pressure was monitored every 30 seconds on 
the VT-15 before; during and after IF infusion. Percent 
35 decrease from baseline blood pressure (baseline BP) was 
calculated as: [(baseline BP-^)eak depression BP)/baseline 
BPJxlOO. DPP&-FGA IF l^somes caused a 12% decrease 
in blood pressure ft^om baseline in the first subject animal, 
and a 13% increase in the second subject (the average 
40 decrease was 53 47-9.24 %). The date is presented in the 
following Table. 



Blood Pressure (mm Hg) 

Rat Infiisioa Prc-Infuaoa PosMnfusioa % Decrease 



#1 DPPE-HjAIFs 

#2 DPPE-PGA VPs 

#3 DSPC 4^ 

#4 DSPC^^ 

50 #5 DSPC 4JS 

Blood pressure during liposome infusion for each of these 
animals is presented in FIGS. 8—12 (for rats 1-, 
respectively). 

EXAMPLE 7 

Pr^aration and Use of iotrolan, DPPE^GA Containing IF 
Liposomes 

60 Small umlameUar Uposomes (SUVs) containing DSPC 
(920 mg), with or without DPPE-GA (828 mg DSPC and 92 
mg DPPE-GA). were prepared in dHjO or saline, 
respectively, at a lipid concentration of about 40 mg/ml and 
at a temperature of about 10 deg. C. above the lipid 

65 transition temperature (54 deg. C. for DSPC, the liposomes 
being prepared at 65-70 deg. C).The Upid, or lipid mixture, 
was dissolved in methylene chloride and then added to a thin 



93.40 
110.00 

70.00 
108.20 

73.60 



82.40 
111.40 
4230 
63,80 
4950 



11.80 
-1.27 
39.60 

Aim 

32.20 
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film. DSPC liposomes were prepared by resuspending the 
dried lipid in 23 ml dHjO, with heating to about 65 deg. C 
for about 30 min (the heating step can be omitted if probe 
sonication is used to prepare the SUVs). DSPC/DPPE-GA 
liposomes were prepared by resuspending the dried lipids in 
saline at 65 deg. C. 

An iotrolan suspension was prepared by mixing 46 mg 
iotrolan (300 mg/ml iodine), 16.3 ml ethanol and 6.7 ml 
dHjO, adding the distilled water to the iotrolan before the 
ethanol and adding the ethanol slowly, with constant mixing. 

Sixteen and one-4ialf ml of the iotrolan suspension was 
aliquoted into eadi of four screw top tubes, and 5.5 ml of the 
SUV suspension was added The resulting gels were mixed 
vigorously, and incubated at room temperature for at least 
one hour, DSPCYDPFE-GA liposomes were incubated at 30 
deg. C for 24 hours, Afta: this, the tubes were incubated at 
65-70 deg. C. for one hour. Each tube was then vortexed for 
15 minutes. 

Each sample was then mixed and sparged with a nitrogen 
stream, while being maintained at 65-70 deg. C, for about 
111-13 minutes. The samples were then pooled in a 250-ml 
Erlenmeyer flask and allowed to cool to room temperature, 
to produce a clear solution with white foam on the surface. 
Sufadent quantity of the following buffer was added to &e 
preparation to bring the volume to 200 ml: 2.4 mg/ml Tiis 
base, 0,1 mg/ml Na/Ca EDTA, 0.9 % NaQ (pH 7=7,4), and 
was mixed to produce an opaque, IF-containing suspension. 

This suspension was centrifuged in 50-ml centrifuge 
bottles fcHT at least about 5 minutes at about 3200 g. Cen- 
trifugation was repeated as need (for example, ftnee cycles) 
to remove unentrapped iotrolan. The preparation was then 
assayed f<H- lipid and iotrolan content, and characterized by 
electron microscopy, Malv^ particle size distribution 
analysis, captured volume and lamellarity, and stored at 
room temperature untQ use. 

The percentage of injected liposomes (200 nm extruded 
vesicles) remaining in plasma, as a function of time, is given 
in FIG. 13 for various preparations, with and without 
DPPE-GA. 

Table 4 (see below) gives CT scan results in rats Using 
various lots of DSPC, DSPC/DPPE^GA (5 mole %) and 
DSPC/DPPE-GA (10 mole %) IF lq)osomes. FIGS. 14 and 
15 present Malvern size distribution data for two of these 
lots. The following table presents a formulation summary for 
several of the lots. 



Low 


Iodine 


Lipid 
(mg/ml) 


Density 
(g/ml) 


Captured 
\blume 


Size 


Lamellarity 
<% lipid Out) 


1 


lOOJ 


163 


1j09 


18,6 


<5 Jim 


53 


2 


1005 


16.8 


1j09 


20:9 


<5 \tm 


45 


3 


104.6 


165 


1.10 


20.6 


<S \un 


50 



The following tables present the pH, % iodine in 
supernatant, % lysophosphatidylcholine and CT results in 
rats dosed at 250 mg/kg iodine from stability samples, stored 
for various amounts of time, for various lots of DPPE-GA, 
iotrolan containing IFs. No change in color or appearance 
for any of the samples was observed. 








PH 






5 






Age (days) of sample/ 
Days at temperature 




Ix>t# Storage temp. 


0/0 


92/45 


125/78 


10 


1 4 dfig. C. 

room temp^ 
30<Jcg.C. 




NA 
ND 
NA 


7.1 
7X) 

7j0 


7.1 
7j0 
7.1 








0/0 


56/45 


89/78 


15 


2 4<3cg.C. 

room temp. 
30<fcg.C. 




NA 
ND 
NA 


7.1 
7.1 


7.2 
7j0 
7.0 




% Iodine in SupOTiatant 












Age (days) of szmph/ 
Days at temperature 


20 


Lot# Storage tcnq>. 






92/45 


125/78 




1 4 deg. C. 

room temp. 
30 dcg. C. 




NA 
ND 
NA 


6S 
73 


6S 
7.1 
9.6 


25 






0/0 


56/45 


89/78 




2 4deg.C. 

room temp. 
30 deg. C. 




NA 
ND 
NA 


4.2 
4.2 
4.7 


4.7 
4.6 
6.4 


30 


% Lyso PC in Sanq>le 

Age (days) of szmpW 
Days at temperature 




Lot# Sfiorage temp. 




0/0 


92/45 


125/78 


35 


1 4deg.C, 
room temp. 
30 dcg. C. 




NA 
ND 
NA 


3.4 
4JQ 
3.6 


7.1 
7S> 
7.1 








0/0 


56/45 


89/78 


40 


2 4dcg.C. 

room temp, 
30 deg, C 




NA 
ND 
NA 


* 
* 
* 


« 

0.5 
1.7 




CT Scan Results in 


Rats Usiqg Stability Sanmles 




45 




Hnhanoement 


in Liver (AHU*) 


San^le Days at 
Lot# Age Tcnq). 


Initial 
Value 


4dcg.C. 


Room 
temp. 


30 deg. C. 




1 139 days 92 days 

2 103 days 92 days 


43.0 
42j0 


563 


43j0 
ND 


49.0 
56.5 



EXAMPI£ 8 

Cr toagmg Study in Rabbits Using DFPE-GA, lotrolan 
55 Containing IF Liposomes 

DPFE-GA, iotrolan containing IF liposomes were pre- 
pared as described above, and contained 100.5 mg/ml 
iodine, 16.3 mg/ml lipid (iodine:lipid ratio of 6.2), had a 
density of 1.09 g/ml, captured volume of 18.6 (microHters 

60 per micromole Hpid), and were less than 5 microns in 
diameter- Female rabbits weighing 4.5-5.8 kg were admin- 
istered doses of such liposomes at 100 and 250 mg iodine/kg 
body weight (one animal per dose) at a rate of 50 mg 
J/minxkg of body weight, and anesthetized with Xylazine/ 

65 Ketamin. 

The densities of liver, spleen, aorta and kidney (cortex) 
were measured (in Hounsfield units— HU) before, and at 
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various times-after, intravenous liposome administration. 
Rabbits were sacrificed four hours after liposome adminis- 
tration. Iodine concentration was determined in liver, spleen, 
kidney, lung and blood Results are presented in FIG. 16. 



TABLE I 



Iodine to L^td Ratios for lotioian 


DSPC/DPPE-GA TFV's 


Foimuhtkm 


lodiac/Lipid Ratio» w/w 


DSPC IFVs 


4.5 


DSPC/DPFE^A IFV's 


59 


5 mok % DPPE-GA 




DSPODPPE-GAIFV's 


5.7 


10 mole % DPPE-GA 





TABLE 2 



HU Enhancements in Rats Dosed with 
lotrolan DSPC7DPPE-GA IFVs 





Dose 


Tunc 


Number 


UverHU 




mg/Kg, 


After 


of 


Enhance- 


Formulation 


Iodine 


Inject ton 


Rats 


ment 


DSPC IFV's 


100 


1 Hr 


3 


24 




250 


IHr 


3 


4S 


DSPC/DPPE^A IFVs 


100 


IHr 


3 


35 


5 mole % DPPE-GA 


250 


IHr 


3 


58 




250 


3Hr 


3 


713 


DSPC/DPPE-GA IFVs 


100 


IHr 


3 


31 


10 mole % DPPEOA 


250 


IHr 


3 


51 




100 


IHr 


3 


31 




250 


IHr 


3 


52 




250 


3Hr 


4 


56 



TABLES 



M«in Arterial Blood Pressure RcsDonsc of Rats Dosed with DSPODPPEOA IFVs 


Average % 
Decrease for 
Fonnulation 


Formulation 


Rat# 


Baseline 
Prc-injcction 

mm Hg 


Baseline 
Post-iiyection 
mm Hg 


Absolute 
Difcrence, mmHg 


% Decrease fipom 
Pre-injection 
Baseline 


DSPC rVFs 


2 


162 


80 


82 


51 


56.0 4/- 5,0 


(Control) 


lOB 


176 


78 


98 


56 




93 


172 


67 


105 


61 




DSPC/DPPE-GA IFVs 


6 


143 


129 


14 


10 


83 2.1 


10 mole % DPPEOA 


8 


134 


126 


8 


6 






8B 


157 


143 


14 


9 




DSPODPPE-GAIFVs 


11 


122 


104 


18 


15 


19S 4/- 4.2 


5 mole % DPPE<jA 


4 


120 


98 


22 


18 






14 


118 


94 


24 


20 






6B 


165 


124 


41 


25 




DSPCyDPPE<5AIFVs 


12 


134 


100 


34 


25 


273 SS 


2 mole % DPPE-GA 


13 


96 


74 


22 


23 






4B 


157 


104 


53 


34 




Saline 


IIB 


151 


147 


4 


3 


15 




IS 


122 


122 


0 


0 





